Introduction
Urban areas and their surroundings can have high biodiversity regarding animal (e.g. Connor et al. 2002; Jones and Leather 2012; Goertzen and Suhling 2015) and plant species (e.g. Kühn et al. 2004; O'Farrell et al. 2012; Capotorti et al. 2013; Kantsa et al. 2013) . Many different factors affecting biodiversity in urban areas have been identified. At local scale, these include vegetation structure, patch area (Beninde et al. 2015) , habitat structure (Garden et al. 2010 ) and management (Shwartz et al. 2013; Beninde et al. 2015; Garbuzov et al. 2015) . At landscape scale, landscape structure (Garden et al. 2010) , land cover (Aronson et al. 2014) , amount of vegetated area (Turrini and Knop 2015) and presence of corridors (Beninde et al. 2015) have been recognised as factors affecting biodiversity. City age has also been mentioned as a factor that influences urban biodiversity (Aronson et al. 2014) . Rupprecht et al. (2015) highlight the importance of Abstract Urbanisation is a rapidly ongoing process worldwide with profound consequences for wildlife in urban and peri-urban areas. Species are affected by habitat loss, habitat alternation and degradation, fragmentation and increased human population and activity. Habitat loss can occur due to construction of housing and infrastructure in peri-urban areas and within urban areas due to compaction. Undeveloped areas can also be changed from ruderal land, wilderness areas or leftover green space to more formal and more intensively used urban green space. This study investigated a butterfly species, the scarce copper (Lycaena virgaureae L.), in an urbanising and expanding settlement in a rural location in southern Sweden. The scarce copper is still relatively common in Sweden, but has experienced severe decline in certain areas and in other parts of Europe. Patch occupancy and abundance of the species were investigated in 44 patches ranging from urban and peri-urban to rural locations. Habitats investigated were parks, urban grasslands managed for biodiversity by the local authority, unmanaged abandoned arable sites, road verges, meadows and pastures. In total, 624 sightings of scarce coppers were recorded. The highest abundances were observed in larger unmanaged patches and in meadows in peri-urban areas, while pastures had low abundances. In urban parks, no coppers were found. The smaller sites managed for biodiversity by the local authority within the settlement were often occupied by the scarce copper, although abundances were low (mean number of individuals 3 ± 1.2). In patches which were cut, copper numbers dropped 1 3 informal green space for biodiversity preservation in urban areas. They found that management, age of green space, distance to city centre and habitat diversity affect biodiversity in these types of green space. Rural-urban gradients have often been studied in the context of urban biodiversity and, according to Beninde et al. (2015) , animal diversity tends to decline towards the city centre, while plant species diversity increases. The importance of peri-urban areas for the biodiversity of inner urban areas has been stressed (Snep et al. 2006) .
Consequences of urbanisation are habitat loss (e.g. Seto et al. 2012) , habitat alternation/degradation (Schochet et al. 2016 ) and fragmentation (Gibb and Hochuli 2002) , which lead to species loss (Buczkowski and Richmond 2012) , a decline in species density (Aronson et al. 2014) or a change in species composition (Gibb and Hochuli 2002) . Homogenisation of species composition has often been observed in the context of urbanisation (McKinney 2006; Knapp and Wittig 2012) whereby specialists (for butterflies here defined as species with comparatively lower mobility, fewer larval and adult food plants) are often replaced by generalists (Concepción et al. 2015) . Peri-urban fringes often experience the most profound changes (New 2015) , resulting in negative impacts on biodiversity.
While urban areas have been comparatively well studied regarding their biodiversity patterns, smaller settlements classified as villages and farmsteads have been less frequently investigated. Studies indicate that villages are important in a biodiversity perspective and that urbanisation can cause similar trends as in urban areas. Hiron et al. (2013) and Rosin et al. (2016) showed that farmsteads can be hotspots for bird biodiversity, while the proportion of new houses is negatively correlated with bird biodiversity. Trends such as homogenisation have also been observed (Knapp and Wittig 2012) . While effects of urbanisation on biodiversity can have similar trends in peri-urban areas of larger towns compared to settlements in more rural settings, potentially different species can be affected. Knapp et al. (2008) have for example shown that butterfly species richness was significantly higher in rural protected areas than in urban and peri-urban protected areas.
Butterflies are a comparatively well-studied species group in urban areas (Ramírez-Restrepo and MacGregorFors 2017) . Local or habitat factors that have been identified as affecting butterfly diversity in an urban context are habitat type (e.g. Öckinger et al. 2009; Matsumoto 2015) , patch area (Öckinger et al. 2009; Shwartz et al. 2013) , management practices such as cutting height, pesticide use or quantity of mulch (Shwartz et al. 2013 ) and habitat quality (Shwartz et al. 2013; Lizee et al. 2016) . Butterfly species richness in urban areas is often found to be related to landscape factors such as total green area (Öckinger et al. 2009 ), grassland area (Lizee et al. 2016) , natural vegetation cover (Chong et al. 2014) , habitat diversity (Dallimer et al. 2012) , fragmentation (Öckinger et al. 2009 ), degree of isolation and matrix configuration (defined as shape complexity of matrix patches; Lizée et al. 2012) . Most butterfly studies have found a negative correlation between butterfly species richness and urbanisation (Casner et al. 2014; Fontaine et al. 2016; Ramírez-Restrepo and MacGregor-Fors 2017) . This study here is a follow-up to a previous one which found that a butterfly species, the scarce copper (Lycaena virgaureae L.), occurred in high abundances at the southern fringe of a settlement in southern Sweden (Haaland 2015) . Large areas around the settlement were zoned for housing development at that time. Construction has now started in some of these areas and questions addressed in the present study, conducted in a larger study area, were:
If these habitats at the settlement fringe disappear due to urbanisation, are there other suitable habitat patches in the wider area where the scarce copper is present? What are the habitat requirements of the species, including an urban context? What recommendations can be given regarding management and planning to allow the scarce copper to survive in high abundances in the area?
The findings were discussed in the context of existing literature on butterfly conservation in urban areas including the question whether any conservation measurements should be considered for an unthreatened butterfly species in an urban/ peri-urban context. In this regard, some of the motivations identified by Dearborn and Kark (2009) can be relevant to this butterfly assessment. These include: the preservation of local biodiversity, educational reasons, improving wellbeing and ethical responsibility.
Methods

Study area
The study area is located in and around the settlement of Veberöd (Lund municipality) in Scania, the most southerly province of Sweden. Veberöd is situated 30 km east of Malmö, Sweden's third largest city and is an expanding settlement, currently with about 5000 inhabitants, in commuting distance (30 min) to Malmö. The study area comprised around 900 ha. The surroundings of Veberöd are characterised by agricultural land and woodlands. Agricultural land includes both arable land and semi-natural pastures, which is the dominant grassland type. Several of the semi-natural pastures included in the study are nature reserves. Semi-natural meadows with long continuity are absent. The areas classified as meadows in this study are areas with predominantly grass and herbal vegetation. Vegetation is cut here once a year, for conservation, subsidy or amenity reasons. These areas, which have some meadow characteristic regarding their vegetation and management, have been previously used as arable land. The soils in the area are sandy and therefore agriculture has not been carried out in its most intensive forms.
Veberöd consists primarily of single-family houses. It expanded greatly during the 1970s when planning followed the typical Swedish pattern of the time of a spacious layout for green infrastructure, including small parks and other green space. At the northern fringe an industrial area has been established, but it is still interwoven with abandoned farmland where some secondary succession is taking place. Here, and in one area south of the settlement, the local authority (municipality of Lund) manages some areas for biodiversity conservation, with the focus on insects with a habitat on sandy soils. These areas on sandy soils are particular species rich in the region, but have decreased due to land use changes as afforestation and agricultural intensification. Farms with agricultural production are few and situated at the fringe of the settlement. At the moment, Veberöd is experiencing another phase of urban expansion. According to the comprehensive plan for Lund's municipality, the number of housing units is to double by 2050, with 1000 new housing units planned in the first phase of construction (Lunds kommun 2010). The development plans involve the fringe on farmland, abandoned farmland and forest, but also include densification projects within the existing settlement boundary on, for example, abandoned farmland, green space and urban forest.
The species
The habitat of the scarce copper (L. virgaureae L.) in Scandinavia is typically extensively used grasslands near forest and woodlands. It can be especially abundant in flowerrich meadows (Henriksen and Kreutzer 1982; Ohlsson and Wedelin 2012) and occurs both in the lowlands and in mountain regions. Sheep's sorrel (Rumex acetosella) and common sorrel (Rumex acetosa) are most often cited as larval host plants (Schlumprecht and Bräu 2013) though other Rumex species, such as R. thyrsiflorus, have also been mentioned (Bink 1992 cited in Schlumprecht and Bräu 2013) .
The scarce copper is not an uncommon species in Sweden, but has experienced severe declines in certain regions (Öckinger et al. 2006; Nilsson et al. 2008 Nilsson et al. , 2013 . A striking finding by Nilsson et al. (2008 Nilsson et al. ( , 2013 when comparing sites between different time periods is that the scarce copper has declined from being both common and numerous to being not present or nearly vanished. Öckinger et al. (2006) recorded seven extinctions and no colonisation when comparing surveys of 12 sites in Scania performed in 1980-1982 and 2002-2003 . No other species experienced a worse decline in that study (but some species showed a similar decline). In other regions in Sweden, the scarce copper is still frequently occurring in pastures (Franzén and Ranius 2004) .
While this study here was carried out in a lowland region the scarce copper occurs in certain mountainous regions in other parts of Europe, for example in the Pyrenees, Massif Central, the Alps, and in Scandinavia (Tolman and Lewington 1997) . In some areas its distribution is described as localised and declines in distribution have been observed, for example in Bavaria (Schlumprecht and Bräu 2013) and in Baden-Württemberg (Ebert 1991) . The reasons for the decline are not entirely clear, but possible factors are habitat loss (Ebert 1991; Schlumprecht and Bräu 2013) , climate change (Schlumprecht and Bräu 2013) and change in habitat quality (Öckinger et al. 2006; Nilsson et al. 2013 ).
Butterfly recording
Butterfly recordings were carried out on 44 patches, four times on each patch, between the 23 July and 21 August 2015. Two small patches (northern fringe, industrial area) were visited only three times (missed on the first recording visit). The total patch area was approximately 63 ha (Table 1) .
Butterfly recordings were only performed under good weather conditions (Pollard and Yates 1993) and between 10.00 and 17.00 h. During recording, the patches were walked systematically and all butterfly individuals were recorded, distinguishing between males and females.
Patch characteristics
Patches included in this study, represented different types of habitats with grass vegetation. The studied patches were situated within the settlement, in the peri-urban fringe and in the surrounding countryside. All patches included in the mark-release-recapture study by Haaland (2015) were included. One of these patches had considerably smaller area than in 2015 as it had been partly built on. Another patch had been converted into a dog training field, therefore an adjacent area of about same habitat quality and size was studied instead.
The different habitats investigated were: urban parks, pastures, meadows, areas managed for biodiversity by the local authority, road verges and unmanaged areas (Table 1) . One private garden was included, since it was part of the previous study (Haaland 2015) . These habitat types represent a gradient in management intensity from high to low regarding frequency in cutting or grazing intensity for pastures.
• Unmanaged: no cuttings.
• Road verges: either uncut or only partly cut leaving uncut vegetation.
• Biodiversity areas: cut once in middle of August, once a year.
• Meadows: cut once a year at the beginning of August.
• Pasture: grazed most often during the study period, sometimes before and/or after.
• Parks: cut several times during the study period.
• Garden: flowerbeds, lawn cut several times during the study period.
Besides habitat type, the following characteristics for each patch were recorded: These characteristics were recorded only on the first survey occasion except for height, which was recorded on all survey occasions.
In addition, the following spatial characteristics were taken from geographic information system (GIS) (ArcMap, 10.4.1, ESRI 2015):
• Area.
• Length of forest edge (in all but one case the forest edge formed the patch boundary or part of it; the exception was one large pasture which included grazed, half-open woodlands, here the forest edge did not form the patch boundary).
• Mean distance to the five nearest patches (edge to edge).
Statistical analysis
For the statistical analysis, the software SAS (SAS 9.4) was used. Factors influencing patch occupancy of the scarce copper were analysed using logistic regression in SAS with PROC GLIMMIX. The model used observations within the patch as repeated measures with correlation structure compound symmetry and the variables were included in a stepwise procedure using forward selection.
For the analysis of abundance, the observations were transformed using the transformation ln(abundance + 1), and after this transformation the observations satisfied the assumption of normality. In the analysis, SAS with PROC MIXED were used with patch as random factor. The variables were included in a stepwise procedure using forward selection.
Results
Area and habitat type of surveyed patches
Most of the patches investigated were unmanaged grassland areas (within and at the periphery of the settlement) and parks (Table 1 ). The numbers of meadows and pastures were low, but they comprised almost two-thirds of the study area, since their area was larger than that of the other habitat types. The areas managed by the local authority for biodiversity goals and the road verges had the smallest mean area (Table 1) .
Patch occupancy
In total, 624 individuals of the scarce copper butterfly were observed during the study period, of which 398 were males and 226 (36%) females. Of the 44 patches studied, 13 (30%) were occupied on all four recording occasions and 18 patches (40%) were occupied on at least one occasion (Fig. 1) . In 13 patches, no scarce coppers were observed on any recording occasion (Fig. 1) . In parks, not a single scarce copper was observed on any of the survey occasions. Of the 13 patches that were occupied on all four occasions, unmanaged patches were in the majority. The biodiversity areas managed by the local authority were all occupied at least once, most often 2-3 times.
Factors that influenced patch occupancy were vegetation height, the abundance of R. acetosella, time of survey, tree succession and length of forest edge (Table 2) . Factors showing no significant differences between occupied (at least once) and unoccupied patches were flower abundance and the abundance of R. acetosa and R. thyrsiflorus, and the spatial variables area and mean distance to the five nearest patches.
Abundances
Factors significantly explaining variation in scarce copper abundances between patches were tree succession, the abundance of R. acetosella, the length of forest edge, time of survey, flower abundance and vegetation height ( Table 3 ). Variables that were included in the analysis, but did not significantly explain variations in abundances were the abundance of the two other Rumex species recorded and the spatial variables area and mean distance to the five nearest patches (Table 3) . Figure 2 shows habitat type and scarce copper abundance (red charts) within the studied patches. As can be seen from the figure, there were greater numbers of scarce coppers in the south-eastern part of the study area, in meadows and unmanaged areas. The pastures situated farthest away from the settlement supported only small numbers of the butterfly, apart from one pasture that was grazed later in the season, after the end of the study period (and perhaps very early in the season). The species was found in smaller abundances throughout the settlement in unmanaged areas, road verges and the areas managed for biodiversity but, as mentioned, not in the parks.
Influence of mowing on abundances
During the field work, it was observed that abundances were very much affected by mowing, decreasing drastically after mowing (Fig. 3) . In the meadow with the highest abundances on the first survey occasion, 86 scarce copper were found (36 males, 50 females). On the second occasion three individuals were found and on the third and fourth occasions no individuals were found. The scarce coppers that were found after mowing were often confined to the outer patch boundary where the vegetation was not cut. In the biodiversity areas, after mowing only one single scarce copper was found on the fourth recording occasion in all patches. The declining number of individuals in the unmanaged parts (Fig. 3 ) was due to seasonal effects. At the end of August, almost all scarce coppers were found in the unmanaged patches.
Effect of planned housing development
The planned housing development (Fig. 4) will eradicate some of the most important habitats of the scarce copper, namely the unmanaged areas at the south-eastern fringe of the settlement. This process has already started. In addition, a few smaller patches in the forested area will be lost (north-east of the settlement). The larger unmanaged patches (in total 5.3 ha) within the northern part of the settlement were ploughed in 2016 (but not in connection with housing development) and sown, partly with sunflowers and partly with another species mixture. In both cases, the patches are no longer a suitable habitat for the scarce copper.
Discussion
Habitat requirements
This study showed that the scarce copper is more often present in habitat patches with high vegetation and less intensive management than in areas with a short grass sward and more intensive management. The species was predominantly found in unmanaged grassland habitats or habitats that are only cut once a year (meadows, certain road verges, biodiversity areas) and was absent from pastures with a short grass sward and from all parks investigated. This is in line with findings that suggest urban green spaces with less intensive management have higher species richness of butterflies (e.g. Öckinger et al. 2009; Garbuzov et al. 2015) . It also supports findings by Lizée et al. (2011) that the highest butterfly diversity in an urbanising area in France was on fallow land. The negative impact of mowing on butterfly abundance has been pointed out in previous studies (e.g. Dover et al. 2010) . A more striking finding in the present study was the scale of the impact on the scarce copper. These results emphasise the importance of informal green space in urban areas, as stated for example by Rupprecht et al. (2015) , and the provision of uncut areas for butterflies in agricultural areas (Lebeau et al. 2015) . It is interesting to note, however, that although the scarce copper was present in most pastures, abundances were usually low.
This study confirmed scarce copper habitat preferences reported previously, such as a certain affinity to forest edges and high flower abundance (e.g. Douwes 1975; Barua et al. 2011) . A new finding was the positive correlation of tree succession with both occupancy and abundance. It should be noted that tree succession up to a certain degree (as examined in this study) is positively correlated with both flower abundance and vegetation height. Additionally the scarce copper might benefit from shelter provided by young trees. However, in areas where tree succession has gone further, so that the canopy cover is closing and permanently shading ground layer vegetation, the scarce copper will be negatively affected.
One of the larval food plants, R. acetosella, was found to explain differences in occupancy and abundances between patches. However, no relationship between any other Rumex species recorded and occupancy or abundances was observed. It can be added that, for example in the parks, at least one of the Rumex species, including R. acetosella, was often abundantly present, but these Rumex plants were all very short (lawn height) and probably not sufficient as a larval habitat. In order to explain the habitat requirements of the species in greater detail, the requirements for larval habitat would need to be investigated regarding for example host plant characteristics and tolerance to management.
As mentioned in the introduction, the study was carried out in an area dominated by sandy soils. Thus the majority of the habitat patches had dry vegetation, most others fresh conditions and only two patches had wet conditions. Thus the reported affinity of the scarce copper for wet grasslands (e.g. Henriksen and Kreutzer 1982) was not confirmed in the study area, where high abundances occurred in areas with dry vegetation.
Besides length of forest edge, no other spatial factor as patch area or connectivity measured in distance to the five nearest patches, showed significant effects on occupancy or abundance. The mobility of the species appears to be good enough to colonise suitable patches within the existing network as could be shown previously in a part of the study area (Haaland 2015) .
Time of survey affected both occupancy and abundances due to seasonal effects and cutting regime.
Spatial distribution within the study area
The highest abundances of scarce coppers were found in the south-eastern part of the study area. The highest abundance in a single patch recorded at one occasion was 86 individuals and was observed in this part of the study area.
The pastures on the outskirts of the settlement studied here did not support larger abundances of scarce coppers than the unmanaged land and meadows at the periphery. Several of the pastures were nature reserves or part of Natura 2000 reserves, thus involving partly extensive forms of grazing. Thus land-use changes leading to the loss of the unmanaged and/or meadow areas will lead to the loss of those habitat patches with the highest abundances of the scarce copper. Areas with few individuals of the scarce copper, including pastures, have previously been shown to be prone to extinction (Ebert 1991; Öckinger et al. 2006) . Consequently, survival of the species in areas that today are protected by nature conservation legislation within the study area is not guaranteed. A positive finding was that the scarce copper was present in all areas managed for biodiversity by the local authority. This means that these areas are successful in providing a habitat for the species. However, the biodiversity areas within the settlement are small and therefore the total number of individuals found here was low. Nevertheless, the network of small patches of unmanaged land, the biodiversity areas and road verges with extensive management have ensured that the species is still occurring within the settlement area. This is remarkable, since the species is virtually absent in areas in the region previously known for their high butterfly diversity (Öckinger et al. 2006; Nilsson et al. 2013) . The results of the present study also clearly demonstrate that current parks are not a substitute habitat if other habitats vanish. However, it is more doubtful whether the scarce copper can survive within the settlement in the long term by relying on the small existing and occupied habitat patches at the southern fringe of the settlement.
Implications for management and planning
The most important measure to ensure the long-term survival of the species in the study area would be to preserve the large patches east of the settlement. This would include two meadows and one unmanaged patch without any building plans. Here, a management form suitable for the species should be applied: late cutting in the season (September), applying rotational cutting of different parts during years and leaving wide margins at the edges. However, the margins would need cutting eventually to prevent habitat loss due to succession in the long-term. Overall, rotational mowing would be needed to prevent long-term successional vegetation changes to woodland vegetation, which is disadvantageous for the scarce copper and many other grassland butterfly species. Cutting height should be practiced as is done in the areas currently managed for biodiversity by the local authority, where cutting height is much higher than in the parks and which seems to be appropriate for the scarce copper. Preserving these peri-urban areas would very Table 1 ). Arrows indicate time of mowing event: between first and second survey for meadows (M), between third and fourth survey for areas managed for biodiversity by the local authority (BA). Parks were continuously mown. M: meadow (30% of surveyed area), BA: areas managed for biodiversity by the local authority (6%), P: pasture (31%), Park (11%), RV: road verge (1%), UM: unmanaged grassland (21%) likely positively influence abundances of the scarce copper within the settlement (Snep et al. 2006) . This is partly supported by reports of movements from the periphery to a garden (Haaland 2015) .
The most important areas addressed here were classified as meadows, since the management was mowing and the vegetation resembled meadow vegetation. However, these areas were previously used as arable land and are probably only mown to meet the requirements for subsidies within agri-environmental schemes for fallow land. Thus there is a risk that these areas could be ploughed up again as soon as farm management or ownership changes.
Finally, the areas managed for biodiversity goals by the local authority should be preserved as such. They benefit the scarce copper and would allow people to observe the species close to their home(information boards inform about the existence of the scarce copper and other species living in areas of sandy soils). An even later cutting date could be considered. It is also important to leave the unmanaged areas within and around the settlement unmanaged. This would not only benefit the scarce copper and other butterfly species, but urban biodiversity in general (Rupprecht et al. 2015) .
Why concern for an unthreatened butterfly species in an urban/peri-urban context?
The occurrence of a single butterfly species will rarely be relevant in a legal planning context regarding development projects in the region of Scania. Of the ten butterfly species protected according to Swedish law (based also on the EU habitat directive), only one occurs in the region of Scania the large blue, Phengaris arion, which has near threatened status in Sweden (ArtDatabanken 2015) . Three of the protected butterfly species do not have their geographical distribution in Scania and six became extinct in the region between the 1950s and 1980s.
In the case of the scarce copper, the preservation of local biodiversity can be seen as a relevant argument for conservation measurement for an unthreatened species in an urban/ peri-urban context (see Dearborn and Kark 2009 ). It could be aimed for to keep homogenisation caused by urbanisation (McKinney 2006) at a minimum. Educational incentives are supported by the local authority's information signs in the areas managed for biodiversity and the guided walks it offers. The improvement of well-being through wildlife observations can certainly be relevant for some inhabitants, but debatable for others (those irritated by lack of intensive management of urban green space). However, according to a study by Garbuzov et al. (2015) , the proportion of people who perceive reduced management as purely negative is rather low. Regarding the scarce copper, there are two other aspects to consider: peri-urban areas seem to be a more suitable habitat than much of the surrounding agricultural landscape, even areas protected as a nature reserve, and abundances seem to be particularly high in peri-urban areas even in a regional perspective.
